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FORT HUACHUCA

RELOCATION OF
FIRE HOUSE SOLAR SYSTEM

Sandia’s Solar Thermal Design Assistance Center was asked to evaluate the advantages of
relocating an existing solar system to another location. The existing system consists of
two flat plate collectors, a 60-gallon storage tank, a Grumman heat exchanger and
differential temperature controller, and circulation pumps. Reports indicated that the
controller was no longer functioning. The system is installed on an old fire house;
however, occupancy of the firehouse is changing, and there is no longer a load for the
solar system. We looked at several sites and decided to study relocation of the system to
the JITC building.

The JITC building has 24-hour occupancy and a high hot water load due to its having both
showers and a kitchen. The equipment room is located on the second floor and has easy
access to the flat part of the roof. In addition, there is ample space in the equipment room
for the storage tank, heat exchanger and controller.

We estimate it to cost $800 dollars to move the system, plus $100 to buy a new
differential temperature controller. We used an INSOL computer program and a
spreadsheet to compute an displaced natural gas savings of 32 MMBTU each year, for a
yearly cost savings of $195. This project has a savings-to-investment ratio (SIR) of 3.1
and a simple payback of less than 5 years. In addition, pollution reduction of CO, would
be 12,189 pounds per year and 43 pounds of NO,, each vear.

John Henrie of the JITC building suggested that he may have base personnel who can
move and install the system. If base personnel do install the solar system, I suggest that a
solar system supplier/installer be hired to fill, check out and start up the system,

JIC
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ECIP DOCUMENTATION

FOR THE RELOCATION

OF THE FIREHOUSE SOLAR SYSTEM
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Cl!Fort Huachuca

P1BILL STEIN

P2DSN 821-1861

P3ATZS-EHE

/RECALL F 000042372 S 03

03A IDESCRIPTION OF PROPOSED CONSTRUCTION

Remove a solar collector system from the old Fire House and
install the system on the JITC Building 57305). The solar
system will augment the existing domestic hot water heater
that supplies hot water to the showers, faucets and kitchen.
The solar system system consist of two collector panels,
heat exchanger, pumps, controls and a 60 gallon storage
tank. This project has an SIR of 3.06 and a simple payback
of 4.6 years.

* % %

03B !REMARKS

The energy generated by the solar system will displace
32MMBTU's per year of natural gas. Annual cost savings are
calculated by the current price of natural gas times the
solar BTUs delivered divided by the water heater efficiency.
It is recommeded not to install a BTU monitoring system as
the cost of the monitoring system will exceed the cost of
this project.

* %k

03C !'PROJECT DESCRIPTION

The solar array will be installed on the roof of Bullding
57305 and the balance of the equipment will be installed in
the west mechanical equipment room located on the second
floor.

* k&

03D !REQUIREMENT (Why is it needed now)

The project is reguired to help Fort Huachuca meet the
energy reduction goals and renewable energy usage goals in a
life cycle cost effective manner. This project will reduce
operating cost by $195 per year and reduce annual pollution
of CO, by 12,189 pounds per year and NOx by 43 pounds per
year.

* k%

O3E [ICURRENT SITUATION (How is the need currently being met)
The existing system consist of a gas fired domestic water
heater.



*kk

03F !IMPACT IF NOT PROCVIDED

Energy reduction targets will not be met. Renewable energy
usage targets will not be met. The operating budget will
not decrease. There will be no decrease in air pollutants.
The Fire House solar system will continue to not be used as
there is no hot water load in the 0ld Fire House.

* k%

03G !ADDITIONAL
kK

031 !RELATED PROJECTS

o
/*

/RECALL F 000042372 S 07

07A !GENERAL JUSTIFICATION DATA

The justification data for this project can be found in this
report and the attached LCCID computer printout. Aall
analysis was performed by the Sandia National Laboratories
(SNL) Solar Thermal Design Assistance Center (STDAC). ‘'The
cost of the energy is the cost to the building as of 1 Jan
94 of $6.13 per MMBTU per the Fort Huachuca Base Energy
Ccordinator.

* &k

07B !TRAFFIC ANALYSIS
This project will have no impact on traffic.

* % %

/%

JRECALL F 000042372 S 08

08B | PRESENT ACCOMODATIONS AND DISPOSITION
There are no disposal actions for this project.

* k&

/*

JRECALL F 000042372 S 09

09D !RPMA DISCUSSION

This project will decrease the utility bill Ly $195 per year
with no increase in the maintenance budget.

* k ok

/*

JRECALL F 00CC042372 S 10

10A !ANALYSIS OF DEFICIENCIES

Fort Huachuca has some of the best Solar Insolation in the
United States and also has one of the highest industrial
natural gas rates in the nation.



* ok ok

/*

/RECALL F 000042372 S 11

11p  !DECISION ANALYSIS

The guestion was asked if it would be cost effective to
relocate the old Fire House solar system. The solar
relocation option was explored by the STDAC from SNL with
funding provided by The Department of the Army, Corps of
Engineers.

® Kk

11E ! ECONOMIC ANALYSIS
See attached LCCID computer printout

* % %

/*

/RECALL F 000042372 S 12

12A !CRITERIA FOR PROPOSED CONSTRUCTION

It is recommended that this be a design build project based
on the study done by SNL. This project should use existing
solar equipment and off the shelf components as reguired.

* k%

12B !USER DISCRETIONARY BLOCK

This would be an excellent project using existing solar
equipment. This project also highlights the mutual support
between the Department of the Army and the Department of
Energy. The payback period is 4.6 years and the SIR is
3.06.

* % %

] *

/RECALL F 000042372 S 15

15A !ENVIRONMENTAL DOCUMENTATION

wRE

15B1 !SUMMARY OF ENVIRONMENTAL CONSEQUENCES
Reduction of air emissions.

* %k %k

/*

/RECALL F 000042372 S 19

19A 1SUMMARY OF ENERGY REQUIREMENTS

This project will reduce the use of natural gas by 32 MMBTU
per year.



* % %

19B [SUMMARY OF UTILITY SUPPORT

Electricity to run the controls and two fractional
horsepower pumps is available in the equipment room of
Building 573085,

* % &

19C !USER DISCRETIONARY BLOCK

This project will be a success if the recommendation to do a
design build contract is followed.

w ok R

/*

/JRECALL F 000042372 § 21

21A ICA ANALYSIS CONCLUSIONS

This was not done due to the lack of funding and manpower at
the installation level.

* %k

21B 1EXECUTIVE SUMMARY OF CA ANALYSIS
N/A



LIFE CYCLE COST ANALYSIS SUMMARY STUDY: FIREHOUS
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID 1.080
INSTALLATION & LOCATION: FT. HUACHUCA REGION NOS. 9 CENSUS: 4
PROJECT NO, & TITLE: 0003 FIREHOUSE R&R
FISCAL YEAR 199%4 BISCRETE PORTION NAME: R&R
ANALYSIS DATE: 02-11-94 ECONOMIC LIFE 15 YEARS PREPARED BY: JRA

1. INVESTMENT

A. CONSTRUCTION COST $ 300.

B. SIOH $ 0.

C. DESIGN COST $ 0.

D. TOTAL COST (1A+1B+1C} § %00.

E. SALVAGE VALUE OF EXISTING EQUIPMENT § 0.

F. PUBLIC UTILITY COMPANY REBATE $ 0.

G. TOTAL INVESTMENT (1D -~ 1E =~ 1F) $ 200.

2. ENERGY SAVINGS (+) / COST (-~)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1992

UNIT COST SAVINGS ANRUAL $ DISCOUNT DISCOUNTED

FUEL $/MBTU(1) MBTU/YR(2) SAVINGS (3) FACTOR({4) SAVINGS(5)
A. ELECT & .00 0. S 0. 11.70 $ 0.
B. DIST & .00 0. $ 0. 13.78 5 o.
C. RESID § .00 0. $ 0. 16,02 8 0.
D. NAT G § 6.13 32. S 195. 14.16 s 2754,
- E. COAL ¢ .00 c. S 0. 11.57 S 0.
B F. PPG g .00 0. S 0. 11.12 g 0.
: M. DEMAND SAVINGS S 0. 11.12 S 0.
N. TOTAL 32, $ 195, 3 2754

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) 3 0.
(1) DISCOUNT FACTOR (TABLE A) 11.12
(2) DISCOUNTED SAVING/COST (3A X 3A1) g 0.

B. NON RECURRING SAVINGS(+) / COSTS(-)

SAVINGS(+) YR  DISCNT DISCOUNTED
ITEM COST (-) 0C  FACTR SAVINGS (+) /
(1) (2) (3) CoST (=} (4)
d. TOTAL g 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 0.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE})S 195.
5. SIMPLE PAYBACK PERIOD (1G/4) 4.63 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 2754,
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 3.06
(IF < 1 PROJECT DOES NOT QUALIFY)

8. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 12.05 %



ECONOMIC & PERFORMANCE ANALYSIS

b FOR THE RELOCATION

OF THE FIREHOUSE SOLAR SYSTEM
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FHESTIMA . XLS

! ;

i

FIRE HOUSE SOLAR SYSTEM RELOCATION

COST ESTIMATE

Flush heat exchanger = 40
New Controller = ! 100
R&R solar sytem, labor = 584
Copper piping & fittings = 176
ITOTAL = 200
‘Natural gas savings fyr = 32 MMBTU
Natural gas $/MMBTU = 513
|
TOTAL SAVINGS = $196 |/year

Assume 15 year life as this

is a used system, but in good condition

Page 1




INFORMATION PREVIOUSLY SENT TO

MR. JOHN HENRIE REGARDING

THE RELOCATION

OF THE FIREHOUSE SOLAR SYSTEM



Sandia National Laboratories

Albuguerque, New Mexico B7185-0763

November 19, 1993

JITC Building 57305
Attn: Mr. John Henrie
TCCBA 7020

Fort Huachuca AZ 85613

Dear Mr. Hennie:

This letter is in regard to the proposed project to move the Old Fire House solar system to the JITC
building. This effort is in support of the U.S. Army Corps of Engineers.

The existing solar system consists of two flat plate solar collectors, a heat exchanger, a 60 gallon
storage tank, circulation pumps, and a differential controller. The equipment appears to be in good
condition, however, it is reported that the differential controller may be bad.

L estimate the cost to remove the system from the firchouse and relocate to the JITC building to be
approximately $800, including a flush of the heat exchanger. A new Gruman differential
temperature controller will cost an additional $100. Total expected costs are $900.

If fully utilized, this solar system will generate and deliver approximately 22.5 MMBTU per year
of energy. At a cost of 85 per MMBTU for natural gas (per Bill Stein) and a boiler efficiency of
70%, a savings of $160 per year can be realized.

You may have two methods for relocating the solar system to the JITC building:

Method one is to use base personnel to move and install the system. Isuggest you then

hire a solar contractor to fill the system with a water/glycol mix and place it into operation.
This contractor should be responsible for any repair work such as replacing the differential .
controller, if necessary.

Method two consist of hiring a solar contractor to move and install the solar system,
including making the system operational.

The solar collectors can be mounted on the flat part of the roof facing south and at a tilt of 30
degrees. The storage tank should be placed in close proximity to the existing domestic water heater
such that it does not create access difficulties to existing equipment. All piping should be
insulated. The solar loop should be filled with 2 30% propylene glycol solution to prevent freeze
damage fo the collectors and associated piping.

Solar Thermat Technology Department 6216, MS 0703 Phone: 505-844-0800, Fax; 505.844-7786



[

I have contacted the Arizona Solar Industries Association and they have suggested that the
following local (Tucson) licensed contractors would be capable of performing the required work:

1. Desert Solar Design
2. Sunpower

For your information, I have attached a sketch of the proposed system and a LCCID analysis
assuming a contractor moves and installs the system. Please do not hesitate to call me if you have
any questions or require additional information.

Sincerely,

1 fb

ohn Anderson, 6216,
Solar Thermal Technology

Copy to: w/attachments
Ft. Huachuca Bill Stein
6216 J. R. Anderson

Copy to: w/o attachments
COE Nat. Hunter
DOE/AL N. Lackey

6201 P. C. Klimas

6215 C.P. Cameron
6215 E. E. Rush

6216 C.E. Tyner

6216 D.F. Menicucci



LIFE CYCLE COST ANALYSIS SUMMARY STUDY: FIREHOUS
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID 1.072

INSTALLATION & LOCATION: FT. HUACHUCA REGION NOS. 9 CENSUS: 4
PROJECT NO. & TITLE: 0003 FIREHOUSE R&R

FISCAL YEAR 1994 DISCRETE PORTION NAME: R&R

ANALYSIS DATE: 11-12-93 ECONOMIC LIFE 15 YEARS PREPARED BY: JRA

QEHEHUOW R

2

INVESTMENT
CONSTRUCTION COST $ 900.

SIOH $ 0.

DESIGN COST $ 0.

TOTAL COST (1A+1B+1C) S 900.

SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

PUBLIC UTILITY COMPANY REBATE $ 0.

TOTAL INVESTMENT (1D - 1E - 1F) $ 900.

ENERGY SAVINGS (+) / COST {—)

DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1992

UNIT COST  SAVINGS ANNUAL $ DISCOUNT  DISCOUNTED
FUEL $/MBTU(1)  MBTU/YR(2)  SAVINGS(3) FACTOR(4) SAVINGS (5)
A. ELECT $ .00 0. $ 0. 11.70 $ 0.
B. DIST $ .00 0. S 0 13.78 § 0.
C. RESID $ .00 0. $ 0 16.02 ¢ 0.
D. NAT G $ 5.00 32. $ 161 14.16  $ 2273.
E. COAL $ .00 0. $ 0 11.57  § 0.
F. PPG $ .00 0. $ 0 11.12 ¢ 0.
M. DEMAND SAVINGS $ 0 11.12 $ 0.
N. TOTAL 32. $ 161. $ 2273
NON ENERGY SAVINGS(+) / COST(-)
A. ANNUAL RECURRING (+/-) $ 0.
(1) DISCOUNT FACTOR (TABLE A) 11.12
(2) DISCOUNTED SAVING/COST (3A X 3A1) $ 0.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR DISCNT DISCOUNTED
ITEM COST(-) 0C  FACTR SAVINGS (+)/
(1) (2)  (3) . cOST(-)(4)
d. TOTAL $ 0. 0.
€. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 0.
FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3B1d/(YRS ECONOMIC LIFE))$ 161.
SIMPLE PAYBACK PERIOD (1G/4) 5.61 YEARS
TOTAL NET DISCOUNTED SAVINGS (2N5+3C) S 2273.
SAVINGS TO INVESTMENT RATIO (SIR)=(5 / 1G)= 2.53

(IF < 1 PROJECT DOES NOT QUALIFY)

ADJUSTED INTERNAL RATE OF RETURN (AIRR) : 10.62 %
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FORT HUACHUCA

SOLAR POOL HEATING

Sanida’s Solar Thermal Design Assistance Center (STDAC) was asked to analyze the cost
savings of each pool heating collector panel at the Barnes Field House. The existing
system is a drainback system with 54 unglazed copper panels. One sixth (9 panels) of the
collector field is out of service due to wind damage.

Data provided to the STDAC showed that during the first year of operating the entire
solar field the natural gas savings was 834,874 cubic feet. This is a 15.6 MMBTU and
$96 per year savings per panel. Copper panels can be purchased and installed for $358
each. This results in a savings-to-investment ratio of 4.7 and a payback of less than 4
years. Each solar collector panel reduces potiution by 5,942 pounds of CO and 21
pounds of NO,, each year.

Polypropylene unglazed panels can be purchased and installed for $240. Polypropylene
panels are suitable for pool heating and have the advantage or not being sensitive to pH as
are the copper panels.

Pool Heating
241784
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ECIP DOCUMENTATION
FOR THE

POOL HEATING SOLAR SYSTEM




01!Fort Huachuca

P1BILL STEIN

P2DSN 821-1861

P3ATZS~EHE

/RECALL F 000042372 S 03

03A !DESCRIPTION OF PROPOSED CONSTRUCTION

Replace solar collectors that have suffered wind damage.
The existing solar system is used to heat the pool located
at the Barnes Field House. Empirical data shows that each
collector panel displaces 15.6 MMBTU per vear of natural
gas. This project has an SIR of 4.7 and a paybhack of 3,95
years,

*okok

03B !|REMARKS

The energy generated by each collector of the solar system
will displace 15.6 MMBTU's per year of natural gas. Annual
cost savings are calculated by the current price of natural
gas times the natural gas displaced byt he solar system as
determined by historical empirical data. It is recommeded
not to install a BTU monitoring system as the cost of the
rmonitoring system will exceed the cost of this project.

* k&

03C [PROJECT DESCRIPTION

The solar panel will be installed in place of the damaged
ground mounted collectors,

* k%

03D  !REQUIREMENT (Why is it needed now)

The project is required to help Fort Huachuca meet the
energy reduction goals and renewable energy usage goals in a
life cycle cost effective manner. Fach collector will
reduce operating cost by $96 per year and reduce annual
pollution of CO, by 5,942 pounds per year and NOx by 21
pounds per year.

i

[ ]
[
B

* % %

O03E !CURRENT SITUATION (How is the need currently being met)
The loss of the energy normally produced by each collector
is provided by the existing gas fired water heater.




& %k

03F !IMPACT IF NOT PROVIDED

Energy reduction targets will not be met. Renewable enerqy
usage targets will not be met. The operating budget will
not decrease. There will be no decrease in air pollutants.
The pool heating solar system will continue to not be used
to its maximum potentional.

% & &

03G !ADDITIONAL
& %

03I !RELATED PROJECTS

%k %
/%

/RECALL F 000042372 8 07

07A IGENERAL JUSTIFICATION DATA

The justification data for this project can be found in this
report and the attached LCCID computer printout. A1l
analysis was performed by the Sandia National Laboratories
(SNL) Solar Thermal Design Assistance Center {(STDAC). The
cost of the energy is the cost to the building as of 1 Jan
94 of $6.13 per MMBTU per the Fort Huachuca Base Energy
Coordinator. Empirical data was supplied to SNL by Ft.
Huachucal personnel.

s,

* k%

G7B IPTRAFFIC ANALYSIS
This project will have no impact on traffic.

b * %k

/*

/RECALL F 000042372 8 08

08B !PRESENT ACCOMODATIONS AND DISPOSITION
There are no disposal actions for this project,

* %k %

/-:\-

/RECALIL, F 000042372 8 09

09D IRPMA DISCUSSION

This project will decrease the utility bill by $96 per year
with no increase in the maintenance budget.
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/*

/RECALL F 000042372 & 10

10A IANALYSIS OF DEFICIENCIES

Fort Huachuca has some of the best Solar Insolation in the
United States and also has one of the highest industrial
natural gas rates in the nation.

* k%

/%

/RECALL F 000042372 S 11

11D !DECISION ANALYSIS

The guestion was asked if it would be cost effective to
replace the damaged panels of the Barnes Field House solar
pool heating system. The collector replacement option was
explored by the STDAC from SNL with funding provided by The
Department of the Army, Corps of Engineers.

ok ok

11E !IECONOMIC ANALYSIS
See attached LCCID computer printout

* &k

/*

/JRECALL F 000042372 S 12

124 ICRITERIA FOR PROPOSED CONSTRUCTION

It is recommended that the damaged collectors be replaced.
This project should use existing solar equipment and off the
shelf components as required.

k k%

12B !USER DISCRETIONARY BLOCK

This would be an excellent project using off the shelf solar
technology. This project also highlights the mutual support
between the Department of the Army and the Department of
Energy. The payback period is 3.95 years and the SIR is
4.7.

* %k

/*

/RECALL F 000042372 S 15

154 !ENVIRONMENTAL DOCUMENTATION

* kK

15B1 !SUMMARY OF ENVIRONMENTAL CONSEQUENCES
Reduction of air emissions.




k% ok

/*

/RECALL F 000042372 8 19

19A ! SUMMARY OF ENERGY REQUIREMENTS

Each solar panel will reduce the use of natural gas by 15.6
MMETU per vyear.

* & %k

19B ! SUMMARY OF UTILITY SUPPORT

No additional utility support will be required for this
project.

%k %

19C IUSER DISCRETIONARY BLOCK
This project will be a success.

* kK

/%

/RECALL F 000042372 8 21

21A ICA ANALYSIS CONCLUSIONS

This was not done due to the lack of funding and manpower at
the installation level.

ok ok

21B !EXECUTIVE SUMMARY OF CA ANALYSIS
N/A
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LIFE CYCLE COST ANALYSIS SUMMARY STUDY: HPOOL

ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID
INSTALLATION & LOCATION: FT. HUACHUCA REGION NOS. 9 CENSUS: 4
PROJECT NO. & TITLE: 0001 POOL HTG REFURB

1.080

FISCAL YEAR 1994 DISCRETE PORTION NAME: POOL HTG
ANALYSIS DATE: 02-11-94 ECONOMIC LIFE 20 YEARS PREPARED BY: JRA
1. INVESTMENT

A. CONSTRUCTION COST $ 358.

B. SIOH $ 20.

C. DESIGN COST S 0.

D. TOTAL COST (1A+1B+1C) ¢ 378.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE $ 0.

G. TOTAL INVESTMENT (1D - 1E - 1F) $ 378.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-~3273~X USED FOR DISCOUNT FACTORS OCT 1992

UNIT COST SAVINGS ANNUAL S DISCOUNT DISCOUNTED
FUEL $/MBTU(1) MBTU/YR(2) SAVINGS (3) FACTOR(4) SAVINGS(5)
A, ELECT $ .00 o. S o, 14.83 13 G.
B. DIST $ .00 c. g a. 17.63 5 0.
C. RESID % -80 o, $ 0. 20.79 S 0.
D. NAT ¢ & 6.13 16. $ 96. 18.589 $ 1778,
E. COAL $ .00 O. $ o. 14.46 S 0.
F. PPG $ .00 G. S G. 13.59 S 0.
M. DEMAND SAVINGS $ 0. 13.59 $ Q.
N. TCTAL 16. $ 96. 3 1778.

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-)

(1) DISCOUNT FACTOR (TABLE A) 13.59
(2) DISCOUNTED SAVING/COST (3A X 3A1) s 0.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR  DISCNT DISCOUNTED
ITEM COST (=) OC  FACTR SAVINGS (+) /
(1) (2) (3) COST (-] (4)
d. TOTAL $ 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 0.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/(YRS ECONOMIC LIFE))S$ 96.
5. SIMPLE PAYBACK PERIOD (1G/4) 3.95 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) S 1778.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 4.70
(IF < 1 PROJECT DOES NOT QUALIFY)
. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 12.37 %
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ECONOMIC & PERFORMANCE ANALYSIS

FOR THE

POOL HEATING SOLAR SYSTEM
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BARNES FIELD HOU

SE

Pool Heating Solar System

Gas Savings
Array size = 54 ipanels
Nat. gas savings = 834874 cu. ft./yr
cu. ft. /b = 23.6
HHV {btu/lb) = 23875

i

15.64 | MMBTU/yr

Natural gas displaced per panel per year=
]

(1) = B34874/564%23875/23.6/1e6

Cost Estimate

|

All copper, unglazed collector =

3.1

Collector size = 401sq. ft.
Labor to install = 34 per panel
i TOTAL = $358 per panel
Cost Savings ]
Natural gas savings per year = 15.64|MMBTU
Natural gas $ + ‘ 8.13 . /MMBTU

TOTAL SAVINGS + $96 iper year

Page 1




PERFORMANCE DATA

SUPPLIED BY FT. HUACHUCA

i
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FOR THE

POOL HEATING SOLAR SYSTEM




BARNES FIELD HOUSE
SOLAR FOOL HEATING — FORT HUACHLICA, ARIZONA

BENERAL

Fort Huachuca i4 located in the southeast portion of Arizona at an

elation of S000 feet above sea level. The area receives a large amount
of neshine all Year., Summers enjoy a moonsoon flaw from the gulf which
refiufts in thunderstorms July through mid-September. Winters arse mild
witapahout 2500 degree days, sSunny days with avernight lows in the
bwergies,

Bagrnes Field House is a gymnasium compler with a wide varitety of phvsical
Aitness facilities., One of these is ar I500 square foot indoor SWimning
Fraesl The pool was heated with a natural gas fired pool heater prioer o
Fnstallation of the solar system.

*

THE DESIGN

An ungl azed 2000 square foot solar system was designed for the poal. The
system cost 53,000 or 26 pEr sguare foot of collector. The solar system
ig ground mounted withoutb tences to Encouwrage personnel to become familiar
with the the system. It was designed to save 75% Gf the estimated pool’
neating energy of 8500 therms or 6407 therms saved. This load was

calcoul ated Aas5UMing a pool blanmket was installed when the poal was not in
use.  During the design it was noticed that the ponl heater responded o
cold fronts within several hours 0f dropping temperatures. This sesmed
surprising since the pool is indoors ang has substantial mass, Cold air
was found to bhe leaking into the pool enclosure through poorly fitting
-liding glass dours. This cold air siratified across the ponl surface
Because of its density and caused 1mmediate heat Inss, The analvysis aleon
included radiation losses from the pool surface to all interior surfacos.,

The solar system is activated by twp thermostats in ZEries. Thes first
thermostat measures pool temperature. The second thermostat measures the
collector temperature. If the poeol is calling for heat and the collector
tempersdture is warm, a three way diverting valve actustes which switchos
flow through the collectors. Maximum temperature rise is T to 4 degress
F. across the collectors. When the pool is satis=fied or the colitectors
are cool, the valve will switch to flow bypassing the coliectors, Watsr
trapped in the field is drained back to the pool by gravity, making this a
drainback system. No differential thermostat is required since the pool
température never fluctuates more than a few degrees.

ACTUAL. BYSTEM OFERATION

The system has operated well since its installation circa 1980, The pool
COver was never installed and the pool heat loss was measured at 17,094
therms the first year. The system actually saved 8343 therms or Z0%
better than forecast. This resulted in a 49% solar contribution for the
increased load. First Ye8Ir savings were £2T37. Simple payback based on
first year savings is about 23 years. Actual payvback ie less because of
increasing gas prices. The system has operated without any problems other
Jan minor collector damage from a vehicle accident.

BRUCE JOMNSON, FE, CEM 12 NOVEMEER 1997
SEMIOR MECHANICAL ENGINEER, EPS DIVISION, DEH, FT. HUACHUCA, AZ.
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FORT HUACHUCA

SOLAR WATER HEATING
OF THE
VISITORS QUARTERS

Sandia’s Solar Thermal Design Assistance Center (STDAC) was asked to evaluate the use
of solar to preheat the hot water in the Visitors Quarters buildings (buildings 43083,
43084, 43085 and 43086). We performed a detailed analysis on Building 43084, If the
results of the analysis prove favorable, then we will perform a detailed analysis on three
other visitors quarters buildings. Buildings 43084, 5 and 6 each have a storage tank that is
charged by the domestic hot water heater. We hoped the system could be re-configured
to use the existing storage tank for the solar system and to depend on the existing heaters
to satisfy the load when required.

The building’s hot water load was measured on November 1 and 2 of 1993 and
determined to be 850 gallons per day. Of the 39 rooms, 38 were occupied at the time of
testing. On November 2, the mechanical engineer for the base, Bruce Johnson, provided
the STDAC with a detailed design for a solar system for this building and asked that the
design be reviewed. Our design review is included in the last section of this report

The load profile showed that the existing hot water heater is not capable of handiing the
load without the stored hot water during the peak usage period. Because of the
limitations of the existing water heater, we decided to incorporated a new solar storage
tank that would feed the existing storage vessel.

A 320 square foot solar system would displace 158.7 MMBTU of natural gas each year
with a yearly savings of $973. It would reduce CO;, pollution by 57,096 pounds a year
and reduce NOy by 203 pounds per year. The installed cost was estimated 1o be $1 9,700
with a resultant savings-to-investment ratio (SIR) of 0.9 and payback of 21 years.

Building 43085 has a domestic hot water system similar to that of building 43084. This
building has only 24 rooms, and the expected hot water load would be 540 gallons per
day. Building 43086 has steam boiler that charges a storage vessel via a heat exchanger.
This building has 60 rooms and an expected hot water load of 1,350 gallons per day. We
do not believed that either of these buildings would offer an advantage over building
43084, therefore, no further analysis was performed.

The above analysis does not account for the increased maintenance cost that would be
ncurred to maintain this system, nor items such as pump repair, heat exchanger cleaning,
etc. These costs were not estimated, because the first analysis resulted in a SIR of less
than 1.25.

Fisitors Chariers

211784




The STDAC investigated whether a solar preheat system would extend the life of a
commercial-sized hot water heater in southern Arizona. Discussions were held with
Architect and Engineering firms, the American Gas Association, and the Gas Appliance
Manufactures Association. All said they knew of no research or testing in this area;
however, all felt that the solar preheat system would have little or no effect on the life of
the water heater.

Visitors Quarters
2411794
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LIFE CYCLE COST ANALYSIS SUMMARY STUDY: VISITORS
ENERGY CONSERVATION INVESTMENT PROGRAM {ECIP) LCCID  1.080
INSTALLATION & LOCATION: FT. HUACHUCA REGION NOS. 9 CENSUS: 4
PROJECT NO. & TITLE: 0002 VISITORS QUARTERS
FISCAL YEAR 1994 DISCRETE PORTION NAME: SDHW
ANALYSIS DATE: 01-27-94 ECONOMIC LIFE 20 YEARS PREPARED BY: JRA

1. INVESTMENT

A. CONSTRUCTION COST g 19700.

B. SIOH $ 1084.

C. DESIGN COST S 0.

D. TOTAL COST (1A+1B+1C) § 20784,

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE $ 0.

G. TOTAL INVESTMENT (1D =~ 1E - 1F) $ 20784.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1992

UNIT COST  SAVINGS ANNUAL $ DISCOUNT  DISCOUNTED
FUEL $/MBTU(1)  MBTU/YR(2)  SAVINGS(3)  FACTOR(4) SAVINGS(5)
A. ELECT $ .00 0. $ 0. 14.53 % 0.
B. DIST $ .00 0. S 0. 17.63 3 0.
C. RESID & .00 0. $ 0. 20.79 S 0.
D. NAT G $ 6.13 159. $ 973. 18.59  § 18085,
E. COAL $ .00 0. S 0. 14.46 8 0.
F. PPC  $ .00 0. $ 0. 13.59 & 0.
M. DEMAND SAVINGS $ 0. 13.59  $ 0.
N. TOTAL 159. g 973. $ 18085

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) S 0.
(1) DISCOUNT FACTOR (TABLE A) 13.59
(2) DISCOUNTED SAVING/COST (3A X 3A1) S 0.

B. NON RECURRING SAVINGS(+) / COSTS(-)

SAVINGS(+) YR  DISCNT DISCOUNTED
ITEM COST (~) 0C  FACTR SAVINGS (+) /
(1) (2} (3) COST () (4)
d. TOTAL $ 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)$ 0.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bd1/(YRS ECONOMIC LIFE))S 973.
5. SIMPLE PAYBACK PERIOD (1G/4) 21.36 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) g 18085.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= .87
(IF < 1 PROJECT DOES NOT QUALIFY)

8. ADJUSTED INTERNAL RATE OF RETURN {AIRR}: 3.28
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VISITOR.XLS

VISITORS QUARTERS SOLAR SYSTEM COST ESTIMATE
ITEM aTy Price Total
Collectors, 4x8 10 350 3500
Heat exchanger, 10gpm 1 750 750
460 gallon storage tank 1 850 ) 850
Differential temp. controller 1 100 100
1/4 hp pump 1 6560 650
1/12 hp pump 1 250 250
15 gallon expansion tank 1 145 145
Collector supports (std mounting hardware) 10 80 800
Copper pipe ] 0
3/4 inch, feet 80 0.8 64
B 1", feet 150 1.1 165
2", feet 100 2.15 215
fittings, valves & misc. 1 1150 1150
insulation : 1 1650 1680
6" core drill 4 8.4! 33.8
Thermometers 4 20 80
Controll sensors, freeze stat 3 30 a0
Propylene glycol ‘ 50 15 750
Electrical, total ! 1 1650 1650
Labor-instali, start-up 100 35 3500
] subtotal 16,393
Profit & Overhead, % 20 3,278
TOTAL $19,671

Page 1
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FORT HUACHUCA

SOLAR WATER HEATING
OF
SINGLE FAMILY DWELLINGS

Sandia’s Solar Thermal Design Assistance Center was asked to evaluate the use of integral
collector storage (ICS) to preheat residential domestic hot water.

According to a study performed by the Florida Solar Energy Center, an ICS will deliver
approximately 74% of the daily energy that a flat-plate system will deliver on a square foot
basis. In addition, according to a building energy efficiency report, residential domestic
hot water heaters, that are natural gas fired, have an operating efficiency of 53%.

An analysis was performed using the INSOL computer program that showed a 40-gallon
ICS system would provide 5.09 MMBTU of energy per year. This would displace 9.5
MMBTU per year of natural gas (assuming a 53% hot water heater efficiency) and save
$58 per vear at $6.13 per MMBTU (per Bill Stein).

Base personnel noted that the residential domestic hot water heaters are replaced at a
rapid rate. Per Bill Stein said 384 (out of 1950) were replaced last year. At this rate each
water heater is replaced every 5 years. This analysis assumes the life of a domestic water
heater will be extended S years by using the solar preheat system, resulting in a
replacement cost savings at years 5 and 15.

The LCCID computer run shows this project to have a savings-to-investment ratio (SIR}
of only 1, therefore no further analysis will be performed.

A typical one-panel flat-plate solar system can be installed for $2600 and will displace
22 MMBTU of natural gas per year for a savings of $135. The LCCID analysis for this
scenario vields a SIR of 0.96.

Residential
2714794
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electricity prices, and other factors. Examples in-
clude the installation of occupancy sensors in a
section of the World Trade Center, which reduced
lighting energy use by 57 percent,®! and lighting
control retrofits in eight commercial buildings that
yielded an average 19 percent energy savings, with
an average payback of 3.7 years 8

Daylighting

The use of natural sunlight, rather than light from
electricity, has many attractions. In addition to the
electricity savings, daylighting typically offers bet-
ter views and the feeling of more space. The
potential electricity savings are quite high—e.g., a
70 percent reduction in perimeter lighting electricity
use.®? In one case study, a retailjoffice space was
rewofit with daylighting technologies to provide a
more attractive space, and although energy savings
were not the primary intent, lighting energy use was
reduced 59 percent.® There can be increased first
costs, however, due to the need for additional
windows and, depending on climate, an increased
space cooling load.®® Designing a building to exploit
daylighting is complex and can require specialized
skills. 86

WATER HEATING

Water heating accounts for about 15 percent of
residential and 4 percent of commercial energy use.
Slightly more than half of U.S. households use
natural gas to heat water and 37 percent use
electricity (table 2-11). In residences, hot water is
used for personal washing (in showers and baths),
clothes washing, dish washing, and other miscella-
recus uses. The bulk of hot water use in the

Table 2-11—Water Heating Fuels in
Residential Buildings (1989)

Type Percent of households
Natralgas.................... .. .. 52
Elactricity ............. ... ... 37
Ol 7
Bottled gas.......................... 3
Other. ... 1
160

SOUACE: 1.5, Department of Commerce, Bureay of the Census, Amen.
can Housing Survey for the United States in 1986, H150/80
{Washington, DC: U.S. Government Printing Otfice, July 1951},
P 42

commercial sector is in the service sector—in
restaurants, laundromats, and other facilities requir-
ing hot water as part of their business.

Residential Water Heating Technologies

Essentially all U.S. households have hot water
service. In single-family homes and in some multifa-
mily buildings, 40 to 50 gallon water heater tanks are
used both to heat and to store hot water. Natural
gas-fired tanks typically have somewhat higher first
(purchase) costs than electric units,?” and can cost
more to install as well, as they require gas service
and external ducting.®® The costs of operation,
however, are typically about 50 percent lower for
gas-fired tanks (this will vary depending on fuel
costs and unit efficiency).

The efficiency of residential-size water heaters
has improved in recent years (figure 2-6), due largely
to increased tank insulation, smaller pilot lights, and
improved heat transfer from combustion gases to the
water in the tank. The most efficient commercially
available water heaters sold today use thick polyure-
thane foam insulation, carefully designed heat trans-

8IM_A. Pietre, F. Krause, and R. Verderber, Technology Assessment: Energy-Efficient Commercial Lighting, LBL-27032 (Berkeley, CA: Lawtence

Betkeley Laboratory, March 1989), p. 5-4.

3K, Greely, J. Harris, and A. Hatcher, “*Measured Energy Savings and Cost-Effectiveness of Conservation Rewofits in Commercial Buildings,™
Proceedings of the ACEEE 1990 Sumumer Study on Energy Efficiency in Buildings (Washington, DXC: American Council for an Energy-Efficient

Economy, 1990}, p. 3.103, table 3.

B3 A. Usibelli, S. Greenberg, M. Meal, A, Mitchell, R. Johnson, G, Sweitzer, F. Rubinstein, D. Arasteh, Conumercigl-Sector Conservation
Technologies, L BL~18543 (Berkeley, CA: Lawrence Berkeley Laboratory, February 1985}, p. 6-3. Perimeter refers to the area near the windows in a

building, a5 distinct from the core where daylighting often cannot penetrate,

8 M.A. Piette, F. Krause, and R. Verderber, Technology Assessmens: Energy-Efficient Commercial Lighting, LB1.-27032 (Berkeley, CA: Lawrence

Berkeley Laboratory, March 1989), p. 5-2.

#3 The use of fewsr electrical lights will reduce space cooling needs; however, this may be more than offset by the increased heat coming from the

sun.

8 A Usibelli, S, Greenberg, M. Meal, A. Miichel], R. Johnson, G. Sweitzer, F. Rubinstein, D. Arasteh, Commercial-Sector Conservation
Technologies, LBL-18543 {(Berkeley, CA: Lawrence Berkeley Laboratory, February 1985), p. 6-2.

#7 Natural gas units are typicatly about 20 to 30 percent more expensive than comparable electric unity, excluding installation and operating costs.

%% Approximately one-third of households in the United States do ot bave access to natural gas. U.5. Department of Energy, Energy Information
Administration, Housing Characterisiics 1987, DOB/BIA-0314(87) (Washinglon, DC: May 1989), p. 35.
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fer surfaces, and electronic ignition, but these
features are found only in a few models. As was
found for other residential appliances, there is a
considerable efficiency difference between the
average new water heater and the most efficient
commercially available new water heater (figure
2-6).

The costs of the very efficient units are quite
high—but it is not appropriate to attribute this
additional cost solely to energy efficiency. For
example, a 40-gallon gas water heater with an
efficiency of 74 percent costs about $780, but this
unit has a lifetime warranty,®® special design to
eliminate corrosion, and several other features not
found on a $350 61 percent efficient unit.%° Accord-
ing to a sales manager for a water heater manufactur-
ing firm, the main marketing advantage of the highly
efficient unit is the warranty and not the energy
efficiency.®! (Chapter 3 of this report discusses in
more detail how energy-using devices are marketed
and selected.)

Other methods of improving water heating effi-
ciency include demand reductions, retrofits to exist-
ing units, and technical improvements in new units.
The simplest method to reduce energy use for water
heating is by reducing consumption of hot water.
The largest users of hot water in residences are
showers and baths (41 percent of hot water), clothes
washing (24 percent), and kitchens (27 percent),
with the remainder (8 percent) used in bathroom
sinks.?? Low-flow showerheads can reduce shower
flow rates by about 50 percent.? Although consumer
acceptance of these devices is a concern, designs
have improved in recent years and consumer satis-
faction is reported to be quite high.%

Retrofits to existing hot water systems can reduce
their energy use. Popular retrofits include tank
wrapping (adding a layer of insulation to the outside

Figure 2-6—Trends in the Efficiency of
Water Heaters

Efficiency {percent, site conversion)

BO - L —

Elextricity

1972 1978 1980 1990 1980
new new hew NAECA highest

1872 1978 1980 1980 1990
new new new NAECAhighest

NOTES: *New’ is shipment-weighted average of afi units shippet! in that
year. 'NAECA’is the minimum allowable according to the nationa!
standard. *Highest' is the most elficient commerdially available,

SOURGCES: 1872 to 1980: Pacific Northwest Laboratory, Residentizf and
Commercial Data Book~Third Edition, PNL-6454 (Richiand,
WA: February 1988). 1990 NAECA: Public Law 100-12, for &
50 gallon tank. 1990 highest: Gas Appliance Manufaciurers
Association, “Consumar's Diraclory of Certitied Efficiency
Ratings,” October 1990, Aringion VA, pp. 134, 163,

of the hot water tank), reducing tank temperature,
and insulating hot water pipes. Adding R-11 insula-
tion blankets to water heaters in homes in the Pacific
Northwest, at a cost per blanket of about $20,
resuited in an average annual savings of 714 kWh
per household.? A separate study found water heater
wrapping to be the most cost-effective building
retrofit measure, with an average payback of 0.6
years.%

Several new water heating technologies show
considerable promise for improved efficiency. Heat
pump electric water heaters, which pump heat from
an external heat source {usually outside air) into 2
hot water tank, are commercially available from

89 For example, one company provides a warranty in effect for as long as the original purchaser owns his or her bome.

% Costs and efficiencies from **Sears Spring/Summer 1991 Catalog,”’ Scars Rocbuck Co., Downers Grove, IL, pp. 1073-1077.

91 The siinple payback considering only the difference in encrgy efficiency is an unimpressive 15 years.

92 W. Kempton, *'Residential Hot Water: A Behavioraliy-Driven System,”” in W. Kempton and M. Neiman {eds ), Energy Efficiency: Perspecrives
on Individual Behavior (Washingion, DC: American Council for an Encrgy-Efficient Economy, 1987), p. 233,

93 Measured data from actual showers in Washington State, as reported in B. Manclark, *‘Low-Flow Showers Save Water,”” Home Energy. vol. 8.
No. 4, July/August 1991, p. 28. This does not necessarily mean that the use of low-flow showerheads will reduce shower hot water consumption by 5
percent, as people may take longer showers once the low-flow showerhead is instalied.

%1n one study, the percent of consumers reporting that they were *‘very satisfied”” with their showerheads went from 37 to 56 pereent after

replacement of old showerheads with new low-flow units. Ibid., p. 29.

95 M. Brown, D. White, and $. Purucker, fmpact of the Hood River Conservation Project on Electricity Use for Residential Warer Heannf:
ORNL/CON-238 (Oak Ridge, TN: Oak Ridge National Laboratory, October 1987}, pp. zil, B.

% S_ Coben, *Fifty Million Retrofits Later,”* Home Energy, vol. 7, No. 3, May/tune 1990, p. 16.
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E° Box 2-F—Plastic Tanks: A Technical
gP =~ Advance That May Hinder = » =~

P4 et

LT 2

& [ “The natural' tunover' in “applianéé”stock has -
¥ [Eallowed newer, more cfficierit appliances to pene- -
§ B trate the market. Recent developments in ' materials,
¢ however, may decrease tumover and therchy slow
“the implementation of new, efficient appliances.- -
%" Almost all residential-size hot Water " storage
tanks are made of steel These tanks typically last 10 -
10 15 years, and when they fail it is almost always -
. due to corrosion of the steel ‘séam’ Recently,
. however, plastic-lined one-piece tanks have ap-
peared on the market. These tanks are available with
. warranties that are good for as long the purchaser
. _owns the tank, implying that the manufacturer does
. not expect these units fo fail. Although these units
" are at present quite efficient—with efficiencies of
* 94 to 97 percent due to the use of thick insulation,
£ heat traps, and other devices—itheir use may reduce
-+ the use of improved technologies sach as heat pump
£+ water heaters in the future, as the replacement
. jgo market will shrink drastically, Furthermore as
. plastic-lined tanks become more popular and less
. k- expensive, they may find use in Jess efficient
& F clectric water heaters, v o

i

- several U.S. firms. The energy efficiency of these
units is in the range of 150 to 340 percent.¥” Costs are
quite high-—about $900 to $2,000%—but may drop
in the future if production volumes increase.®
Add-on heat pump units, which can be retrofit to
existing water heaters, can also be used, but here
again prices are high.® Heat recovery water heaters,
which capture waste heat from space conditioning
equipment, are available for an installed cost of
about $550.1% Performance of these units depends
heavily on climate. A prototype condensing gas
water heater, which recaptures the latent heat in the

AR e
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Table 2-12--Water Heating Fuels in
Commercial Buildings

Fuet Percent*
MNatwraligas ................ Cererarseesaenaaas . 49
Blectricity ............ b rsarasaatanat e, 40
District heat . . ... ke arraraaar i Cheraeaa. 8
Fuel ol ..................... Cartesieeresnana . 4
Propane ............ ererearreanseeetaaann ven 2

AThe approximate percent of commercial building fioor space whose hot
water is supplied by the corresponding fuel. Total sums to more than 100
as some commercial buildings use more than one tuel for hot water,
Exciudes commercial bulidings with no hot watet.

SOURCE: U.S. Department of Ene:gy, Energy information Admnistration,
Commercial Building Characteristics 1989, DOE/EIA-0246(89)
{(Washingion, DC: June 1981}, p. 150.

combustion gases, has been built with an efficiency
of 83 percent. 12

Commercial and Multifamily Water
Heating Technologies

As in residential buildings, natural gas and
electricity are the leading fuels for water heating in
cormnmercial buildings (table 2-12).19% The methods
and systems used for heating water in commercial
buildings vary widely, Many older buildings have a
hot water tank that is heated by a submerged coil,
heated in turn by the main space-heat boiler. This
design is rarely used in new buildings, as it requires
the main boiler to be operated year-round to provide
hot water. A second design is a storage tank with a
smaller, dedicated boiler. This boiler can provide
only hot water or can provide both hot water and
space heating as necessary. A third type of system is
a commercial tank, which is essentially a large-scale
version of a residential tank. This last design is
increasingly popular, as it is simple and relatively
inexpensive to install.

The options for improvements are similar to those
for residential systems. Demand reductions, includ-
ing repairing leaks and reducing temperature set-
tings, can reduce energy use. Retrofits to systems

hS

Institute, February 1986), p. 1-12.

"" Energy-Efficient Economy, 1986), p. 8S.

¥

I
h o

w103 Much of this discussion applies to large multifamily buildings as well.

97 Efficiencics of over 100 percent are possible as the useful output includes the pumped heat obtained from anotber source, while the only input is
clectricity used 10 pump the heat from one place to another. Source is EPRY, Electric Warer Heating News, vol. 4, No. 1, spring 1991, p. 4.

- %8 Average costs for an integral (i.e., includes tank) heat pump water heater, Thid.
% Economies of scale in production require higher sales volumes, yet these volumes will not be achicved as long as prices are high.
il 190 Probably $450 to $800. EPRL, Electric Water Heating News, vol. 4, No. 1, spring 1991, p. 4,

9 Installed costs vary widely, depending on the specific equipment used and the difficulty of instalfation, Average value of $550 from Synergic
Resources Corp., Review of Energy-Efficient Technologies in the Residential Sector, EPRI EM-4436, vol. } (Palo Alto, CA: Electric Power Research

182 E. Hirst, 1. Chinton, H. Geller, W. Kroner, Energy Efficiency in Buildings: Progress and Promise (Washington, DC; American Council for an
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can include those used in the residential sector, such
as increasing tank insulation, as well as some more
innovative features including electromic ignitions,
electronic flue dampers, and boiler tune-ups. For
example, the addition of an electric flue damper to
a 70-gallon natural-gas-fired water heater tank in a
recent field test increased efficiency from 61 to 65
percent, with a payback period of 5.3 years.1%

New technologies for commercial water heating
include the use of heat pumps, heat recovery devices,
and other methods for integrating water heating into
other beating and cooling systems. For example, a
heat recovery heat pump recently installed at a large
resort complex in Arizona uses heat from the chillers
(space cooling devices) to heat water for the laundry,
swimming pool, and spa. The new system replaces
a npatural-gas water heating system and thereby
reduces the annual natural pas costs by about
$61,000 per year. The estimated payback for the
systemn is 3.5 years.!0

FOOD REFRIGERATION/
FREEZING

Keeping food cold requires a significant amount
of energy—about 10 percent of residential energy
use and about 5 percent of commercial sector energy
use.'% The energy efficiency of food refrigeration
equipment has improved tremendously in the last
10 to 20 vears, and considerable potentiai for
further improvement remains. This section re-
views the recent history of refrigeration equipment,
the present-day technologies, and the most promis-
ing technologies for the future. Residential equip-
ment is emphasized, as it uses the bulk of food
refrigeration energy, but commercial technologies
are mentioned as well.

Residential Refrigeration and Freezing

Almost every U.S. household has at Jeast one
refrigerator, and some—about 14 percent—have
two or more.!%7 The energy consumption of residen-
tial refrigerators tripled from 1950 to 1972, due to
increased size (from 7 to 17 cubic feet), addition of
energy-consuming features such as automatic de-
frost, and reduced insulation!®® In the 1970s,
however, several factors led to a sharp drop in
refrigerator energy consumption. Increased energy
prices, energy consumption labels (required by the
Energy Policy and Conservation Act of 1975, Public
Law 94-163), and State-level energy efficiency
standards (California set minimum refrigerator en-
ergy efficiency standards in 1976) all Jed to the use
of improved, more efficient refrigerator technolo-
gies. A number of inpovations and improvements,
rather than a single technical breakthrough, led to a
55 percent drop in the energy consumption of the
typical refrigerator from 1972 to 1990 (table 2-13,
figure 2-7). Among these Improvements were the
use of polyurethane foam rather than fiberglass
insulation, more efficient motors and coOmpressors,
improved door seals, and improved air flow between
cold coils and food compartments.

The typical refrigerator sold today is an 18-cubic-
foot, top-mount (meaning the freezer is above the
refrigerator), automatic defrost unit using about 900
kWh per year.!% Although this energy use level is
far below that of the typical units sold in the 1970s,
it is far above that which the Department of Energy
(DOE) has determined to be “‘techaically feasible”
(table 2-13). According to DOE, it is technically
feasible to build a refrigerator using less than 500
KWh per year that retains the features expected by
consumers—including 18-cubic-foot interior vol-
ume and automatic defrost. A 16-cubic-foot man

it

104 R_Nevin and V. Stefanson, **Evaluating the Performance of a New High Efficicocy Commescial Tank Water Heater,"” Proceedings of !

he ACEEE

1988 Summer Study on Energy Efficiency in Buildings (Washington, DC: American Council for an Energy-Efficient Economy, 1988), p. 2.15%-
105 EPR1, Electric Water Hearing News, vol. 3, No, 3, winter 1950-91, pp. 1,3,

106 Primary equivalent, see app. 1-B for sources.

1071 §, Departmnent of Energy, Energy Information Administration, Annual Energy Review 1990, DOE/ELA-03 84{90) (Washingt

(4)1% DCI m}' ng[L

p. 45, The term ““refrigerator’’ refers to a cornbination refrigerator-freezer, unless noted otherwise.
108 Appliance Efficiency on the Fast Track,” EPRI Journal, vol. 12, No. 2, March 1987, p. 33, o
109 Sizes given here refer to the sum of the refrigerator and freezer volumes, The adjusted volume (AV), defiped as refrigerator volume plos 16

freezer volume, is 20.8 cubic feet.
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LCCID & PERFORMANCE ANALYSIS

SRR

OF RESIDENTIAL WATER HEATING

USING 40 GALLON BATCH SOLAR PREHEATER

&




LIFE CYCLE COST ANALYSIS SUMMARY STUDY: BATCH
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID  1.03¢0
INSTALLATION & LOCATION: FT. HUACHUCA REGION NOS. ¢ CENSUS: 4
PROJECT NO. & TITLE: 0004 RESIDENTIAL SDHW
FISCAL YEAR 94 DISCRETE PORTION NAME: SDHW
ANALYSIS DATE: 02~14-94 ECONOMIC LIFE 20 YEARS PREPARED BY: JRA

1. INVESTMENT

A. CONSTRUCTION COST $ 1200.

B. SIOH S 66.

C. DESBIGN COST $ 72.

D. TOTAL COST (1A+1B+1C) $ 1338,

E. SALVAGE VALUE OF EXISTING EQUIPMENT G.

F. PUBLIC UTILITY COMPANY RERATE S G.

G. TOTAL INVESTMENT (1D - 1E - 1F) $ 1338,

2. ENERGY SAVINGS (+) / COST (~)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1992

UNIT COST  SAVINGS ANNUAL § DISCOUNT  DISCOUNTED

FUEL $/MBTU (1) MBTU/YR(2) SAVINGS (3) FACTCOR{4) SAVINGS(S)

A. ELECT $ .00 0. $ G. 14.53 $ 0.

B. DIST § .00 0. $ 0. 17.63 $ 0.

C. RESID § .00 . $ 0. 20,79 s 0.

- D. NAT G $ 6.13 10. $ 58. 18.59 $ 1087.
- E. COAL $ .00 0. $ 0. 14.46 S 0.
: F. PPG $ .00 0. $ 0. 13.59 s 0.
M. DEMAND SAVINGS $ 0. 13.59 $ 0.

N. TOTAL 10. $ 58. S 1087

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) 3 0.
(1) DISCOUNT FACTOR (TABLE A) 13.59
(2) DISCOUNTED SAVING/COST (3A X 3A1) 3 0.

B. NON RECURRING SAVINGS(+) / COSTS(-)

SAVINGS (+) YR  DISCNT DISCOUNTED
ITEM COST{~) OC  FACTR SAVINGS (+) /
{1} (2) 2} COST(-) (4)
1. HTR REPLACEMENT S 200. 5 .82 164.
2. HTR REPLACEMENT #2  $ 200. 15 .56 112.
d. TOTAL $ 400, 276.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS(+)/COST(-) (3A2+3Bd4)$ 276.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))$ 78.
5. SIMPLE PAYBACK PERIOD (1G/4) 17.05 YEAR!
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 1363.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 1.02
(IF < 1 PROJECT DOES NOT QUALIFY)
8. ADJUSTED INTERNAL RATE OF RETURN (ATIRR) : 4.10 %




INPUT PARAMETERS -~ TMY

SUMMARY OF PROGRAM FILE: tucson. tmy

DAY SKIP: 6 DYs HRLY FILE: NONE COL. AREA: 1.740E+00 S0Q. MET.
SITE LATI: 31.0 DEG COL. TILT: 30.0 DEG COL. AZIM: 0.0 DEG
ALBEDO: 0.30 THRESH INSOL: 100. KW TRACKING: FIXED TILT

DAYFILE: dayout.dat

SOLAR RADIATION AVAILABLE TO COLLECTOR

Mo KWH/M2  KWH/COLLECTR  BTU/FT2 BTU/COLLECTR
J 0.190E+03  0.331E+03 0.603E+05  0.113E+07
F 0.185E+03  0.323E+03 0.588E+05  0.110E+07
M 0.234E+03  0.406E+03 0.741E+05  0.139E+07
a 0.248E+03  0.431E+03 '0.785E+05  0.147E+07
M 0.257E+403  0.448E+03 0.816E+05  0.153E+07
. J 0.231E+03  0.401E+03 0.731E+05  (.137E+07
= J 0.233E+03 0.406E+03 0.740E+05  0.139E+07
£ A 0.225E+03  0.391E+03 0.713E+05  0.134E+07
s 0.224E+03  0.383%E+03 0.710E405  0.133E+07
¢ 0 0.224E+03  0.389E+03 0.709E+05  0.133E+07
: N 0.165E+03  0.288E+03 0.524E+05  0.982E+06
D 0.159E+03  0.276E+03 0.504E+05  0.944E+06
ANN 0.257E+04  0.448E+04 0.817E+06  0.153E+08

BTU to collector per year = 15.3 MMBTU
Solar system efficiency = 45%
Baich efficiency (compared to flat plate) = 74%
Water heater efficiency = 53%

Natural gas displaced = 153 * 45* 74/ 53 =035 MMBTU/year



LCCID & PERFORMANCE ANALYSIS

OF RESIDENTIAL WATER HEATING

USING 32 SQUARE FOOT FLAT PLATE SOLAR PREHEATER




LIFE CYCLE COST ANALYSIS SUMMARY STUDY: RESIDENT
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) Lecib 1.080
INSTALLATION & LOCATION: FT. HUACHUCA REGION NOS. 9 CENSUS: 4
PROJECT NO. & TITLE: 0004 RESIDENTIAL SDEW
FISCAL YEAR 94 DISCRETE PORTION NAME: SDHW
ANALYSIS DATE: 02-14-94 ECONOMIC LIFE 20 YEARS PREPARED BY: JRA

1. INVESTMENT

A. CONSTRUCTION COST $ 2600.

B. SICH $ 143.

C. DESIGN COST $ 156,

D. TOTAL COST (1A+1B+1C) S 2899,

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE $ O.

G. TOTAL INVESTMENT (1D - 1F - 1F) $ 2899,

2. ENERGY SAVINGS (+) / COST {~)
DATE OF NISTIR 85-3273~X USED FOR DISCOUNT FACTORS 0CT 1992

UNIT COST  SAVINGS ANNUAL & DISCOUNT  DISCOUNTED

FUEL $/MBTU(1) MBTU/YR(2) SAVINGS (3) FACTOR(4) SAVINGS(S5)
A. ELECT $ .00 0. $ 0 14.53 S 0.
B. DIST ¢ .00 0. $ 0 17.63 S 0.

C. RESID $ .00 0. $ 0 20.79 8 0.

B D. NAT ¢ $ 6.13 22, S 135 18,59 $ 2507.
: E. COAL § .00 0. $ 0 14.46 % 0.
. F. PPG S .00 0. $ 0 13.5¢ $ 0.
M. DEMAND SAVINGS S 0 13.59 8§ 0.

N. TOTAL 22. S 135 $ 2507

B

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) s 0.
(1) DISCOUNT FACTOR (TABLE &) 13.59
(2) DISCOUNTED SAVING/COST (3A X 3A1) $ 0.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR  DISCNT DISCOUNTED
ITEM COST (~) OC  FACTR SAVINGS (+) /
(1) (2) (2) CosST (=) (%)
1. HTR REPLACEMENT $ 200. 5 .82 164.
2. HTR REPLACEMENT #2  § 200. 15 .56 112.
d. TOTAL $ 400, 276.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS(+)/COST(-) (3A2+3Bd4)$ 276.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bd1/(YRS ECONOMIC LIFE))S$ 155,
5. SIMPLE PAYBACK PERIOD (1G/4) ' 18.72 YEAR
6. TCTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 2783,
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= .96
(IF < 1 PROJECT DOES NOT QUALIFY)
8. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 3.79 %




SUMMARY OF PROGRAM INPUT PARAMETERS -« TMY FILE: tucson. tmy

DAY SKIP: 6 DYS HRLY FILE: NONE COL. AREA: 2.970E+00 SQ. MET.
SITE LATI: 31.0 DEG COL. TILT: 30.0 DEG COL. AZIM: 0.0 DEG
ALBEDO: 0.30 THRESH INSOL: 100. KW TRACKING: FIXED TILT

DAYFILE: dayout.dat

SOLAR RADIATION AVAILABLE TO COLLECTOR

MO KWH/M2 KWH/COLLECTR  BTU/FT2 BTU/COLLECTR
J 0.190E403 0.565E+03 0.603E+05 0.193E+07
g@ F 0.185E+03 0.551E+03 0.588E+05 0.188E+07
L M 0.234E+03 0.694E+03 0.741E+05 0.237E407
A 0.248E+03 0.735E+03 0.785E+405 0.251E+07
g M 0.257E+03 0.764E+03 0.816E+05 0.261E+07
1 J 0.231E+03 0.685E+03 0.731E+05 0.234E+07
o J 0.233E+03 0.693E+03 0.740E+05 0.237E+07
. A 0.225E+03 0.668E+03 0.713E4+05 0.228E+07
1 S 0.224E+03 0.665E+03 0.710E+0S 0.227E+07
- 0 0.224E403 0.664E+03 0.709E+05 0.227E+07
N 0.165E+03 0.491E+03 0.524E+05 0.168E+07
D 0.159E+03 0.472E+03 0.504E+05 0.161E+07
ANN 0.257E+04 0.765E+04 0.817E+06 0.261FE+08

BTU to coliector per year = 26.1 MMBTU
Solar system efficiency = 45%
Water heater efficiency = 53%

Natural gas displaced = 26.1 * 45/ 53 = 22 MMBTU/year




FORT HUACHUCA

WIND & GEOTHERMAL
ENERGY POTENTIAL
ATFT. HUACHUCA

Although no existing projects were available for Energy Conservation Investment
Program documentation preparation, we made a few telephone calls to try to determine
the potential for wind and geothermal energy exploitation.

WIND ENERGY POTENTIAL

According to Andrew Rosenthal of the Southwest Technology Development Institute,
wind data was recorded at Ft. Huachuca from 1954 to 1971, The exact location of the
wind station is unknown; however, the wind energy information 1s summarized in the
Wind Energy Resource Atlas, This summary is included in this report.

Dennis Elliot of Pacific Northwest Laboratories believes that the ridge may have potential
for large-scale, grid-connected, application. He does not believe the flat basin area has
potential for wind enrgy usuage.

GEOTHERMAL ENERGY

Jim Witcher of the Southwest Technology Development Institute is not aware of any
known geothermal resource at Ft. Huachuca. He says the fort is in a rift zone, so it may
have potential.  He suggested studying geologic maps, studying existing well data,
preparing temperature logs of existing wells, and determining the water chemisty of
existing wells, because geothermal activity can leave a teli-tale trace in the water
chemistry.




WIND ENERGY DATA
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Annual and Seasonal Mean Wind Speed and Power Summaries
For Selected Stations in the United States and Its Territories

Wind data from 975 stations in the National Climatic
Data Center (NCDC) tape set TD-1440 were analyzed Lo
provide much of the data used to create the National
Wind Encrgy Assessment. For these 975 stations, 1,889
separate periods of record were identified, during which
ancmometer location, observation, frequency, and data
coding frequency were constant. in this appendix, sum-
mary information on station identification, focation, and
annus! and seasonal mean wind speeds and wind power
densities are presented for these stations and periods.

Swations are grouped alphabetically by state with posta!
abbreviation information on each period of record fol-
lowing chronologically, The NCDC siation number code
(WBAN) is used to uniquely identify stations with the
same city name, The agency responsible for station opera-
tion is idemtified by the TYP code:

Type of Statlon

TYP Making Observations
A Air Force
N Navy
w Waeather Service
F FAA

Station location is given by its latitude and longi-

tude coordinates in degrees (DD) and minutes

{MM). Positive latitude is north of the equator, West
longitudes are less than zero, Station elcvation is given in
meters above mean sca level. Statjon logation informa-
lion was lurgely obtained from the NCD(C publication
WBAN Siarion Numbers (NCDC 1978).

Pcriod of record information was cxtracted from the
National Wind Daia Index (Changery 1978). Starting
and . ding dates, coded YY=Year, MM=Month, and
DDz Day, were seiccted 1o maximize the length of
record. The change in coding frequency from hourly to
3-hourly by the NCDC at the end of 1964 resulis in
many periods ending near 641231 and starting ncar
650101; many periods of record for Air Foree stations
end at 70123) at which time the NCDC slopped digitiz-
ing Air Force data. The NCDC stopped digitizing navy
dats on an hourly basis after February 1972. A break in
the period of record also occurs if the obrervation
frcquency at the stations changed. The OBS code indi-
cates the number of hours per day that vbservations were
taken af the station:

L\)mc\ Enec D\ng,)rc,e ﬂ“m,
ot A Uiy\leg “Spdes

N~y 4. 4 r.\ IQQW

Hours of
OBS Observation Per Day

24
1923
12-18

5-11

4
Less than 3
Blank Unknown

MO0 o>

Periods of record were most ofien intcrrupted by
changes in anemometer height or location, Changery’s
index documents these changes and gives an ancmomeler
height and location history for cach station. Anemo-
meter height is reporied here in meters above the ground.
The LOC code describes the type of structure on which
the anemometer was located:

LOC Anemomster Location
R Roof-Top
G Ground Mast
8 Beagon Tower
U Unknown Location
E Estimated Wind, No Angmometer

A roof-top location means the anemomeier was Jocated
on & mast on the roof of a building with the height of the
anemometer above ground as given. There is no informa-
tion on the height of the mast above the roof. A ground
muast signifies that the mast, with its base on the ground.
is used primarily to support the anemometer. Beacon
tower locations mean thai the lowcer is not primarily used
to support the anemometer but has other funciions. A
few early periods of record were coded from estimated
wind speeds; no anemometer was available at the site,
Anemometers with unknown locations usually also are at
vnknown heights, which are coded as -99.9,

Annual mean wind speed, in m/s, and annual mean wind
power density, in W/ m?, arc calculated from all available
data for the period of record, Scasonal mean values are
based on the following months;

Season Months Inciuded

Winter December, January, Februsry
Spring March, Aprit, May

Summer June, July, August

Autumn September. Oclober, November

Appendix T 15%
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FORT HUACHUCA

OTHER INVESTIGATIONS

LO-MIT 1 ROOF COATING

This type of radiant barrier roof coating is typically spray applied on the inside surface of
the roof deck and is most effective for lowering air conditioning loads. Lo-Mit 1 can be
applied to the exterior of the roof; however, test data is limited on this type of application.

The Florida Solar Energy Center (FSEC) has developed FSEC 3.0, a building energy
computer program that can model different roof surface emittance and solar absorptance,
and their effects on heat flow into a building. Phillip Fairey of FSEC can perform a
detailed analysis of the effects of using a radiant barrier roof coating on a specific
application for approximately $20,000.

Sales information regarding Lo-Mit 1 roof coating is included in this report.

INSTANTANEOUS WATER HEATERS

The Solar Thermal Design Assistance Center was asked to investigate the compatibility of
residential instantaneous water heaters with solar preheat. We were able to locate one
brand that claims compatibility. Aguastar manufactures a model that is designed to accept
preheated water. They supply instantaneous heaters that will produce from 1.8 gpm to
3.25 gpm at 60 degree temperature rise. These are somewhat expensive water heaters, as
the larger unit sells for around $700.

Sales information regarding instantaneous water heaters is included in this report.
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Thank you for inquiring about our LO/MIT-I Spray Applied
Radiant Barrier technology. Product information and editorial

coverage is enclosed.

LO/MIT~I is the only spray applied low emissivity radiant

barrier on the market today. LO/MIT-I is the only spray

applied radiant barrier that has been tested by the Florida
Solar Energy Center and is accepted under GSA contract by the

U.5. Government.

LO/MIT-1 may be easily applied to the underside of roof
decks during the construction process, replacing costly and

cumbersome foil radiant barriers as an interior radiant
barrier. LO/MIT-I may also be used as an exterior radiant

barrier roof coating where it has been shown to lower building

skin temperatures 20-50°. Used either as an interior or
exterior coating, LO/MIT-I can substantially lower air
conditioning costs and positively effect heating costs.

Architects, builders and contractors can find
specifications for LO/MIT-I in the AIA Masterspec Guide,

section 07210 “"Building Insulation", pages E1-E9 and 1112,

and the ICAA Commercial Insulation Products Guide, section
"K", Radiant Barriers. ‘

If no distributor is listed on the top of the silver

product brochure, please call 609-883-7700 (FAX:609-497-0182)

for pricing and technical information.

Again, thank you for considering LO/MIT-I, the world's only

spray applied radiant barrier.

Most sincerely,

SOLAR ENERGY CORPORATION

NOTE: To remain on our mailing list, please contact us with

any changes to the above address.



The only high reflectivity AND low
emissivity roof coating available.

= Dramatically decreases energy costs;
increases occupant comfort

= | ow cost, rapid payback

® Reduces roof skin temperatures 20%-50° F

= Fire retardant to 1000° F+

= Greatly extends roof life;
lessens roof movement

m Excellent adhesion, flexibility and
weatherability

m Easily applied to all roof surfaces

= GSA contract for all US Government agencies
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LO/MIT-I

RADIANT BARRIER COATING

For Energy Conservation and Light Reflection

LO/MIT- is a silver colored, non-thickness dependent, low emissivity coating. l1s superb ability to reflect both heat
Onfrared radiation) and light make il ar. excelient. low cost substitute for metailic foils or metallized plastic films. Migh
lemperature {olerance. excelient adhesion ang the abribty to produce uniformly low emissivities on a wide variety of
substrates make LO/MIT-1 unique in the tieid of high technology coatings.

OPTICAL CHARACTERISTICS

Laboratory apphcation of LO/MIT-I on glass substrates has
fowered emissivity from 88 19 22 and nereased spectral reflec-
livity from 7.3 to 857 LOARNTH can be apoied to 2 wide
variely of substrates and normaity will creste 2 surfece emissivity
of 21 26 and a speciral refiectvily of 817555, cdepending on
the substrate used. The chart or (he rear of 1his bulletin shows
optical properties on specihc malenss

CONSTITUENTS

Aromatc hydrocarbons. ahohatc ketones, proprietary pigments
and binders.

SOLVENT
Solsotv 3071 or xyiense

VISCOSITY
28 seconds #1 Zarrc oo
HARDNESS
Extremely gurable 3+ r;
450°F. Ambien! cure oz
flexible even when hes: oures
DEGRADATION & QUTGASSING
Jnatfected by UV or eie:
to 1000 F {538 C) No
COVERAGE

400-800 square lect gaiic~ deger oo
canon method

ASTM STANDARD

LO/MIT-1 conforms 1o a standarc presenty beng promulgated for
Interior Radiation Control Coatings d8CC) ASTM Subcommittes
Ci6.21.

MIXING

Coating supplied ready for use No thinming is reguired or sug-
gested. Shake well before using. If possible. agitae during ap-
plication.

SURFACE PREPARATION

Normally. adhesion ¢ ths
surface preparatiorn. Ophic
Teolon surfaces (el ate
TpIOVE B D
Lhors and primers o
Tris wall aiso ingres
a5 coid ralled o o
5:0iE COrrosion
used befcre &
pomed or panis
frat e prapared -
i LA T Pias

CTosgttics and appli-

zipropert:

= affecied by
consiant ax-

P10 ascertamn
= sofvents used
o increase
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SATG. PADer
fometn! ronf
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APPLICATION

Air Atomization: Use DeVilbiss pressure gun ¥JGA-B02.704-
FX, gun pressure of 30 psi (2.11 kg/em?); lank pressure of 4-6
psi {.14-.42 kg/cm?). Remote paint supply pots should be
equipped with an air driven agnator to keep coating thoroughly
mixed during appiication,-OR®-DeVilbiss suction gun
#JGA-502-43-FF, gun pressure of 25 psi {1.78 kg/cnm?). Needle
adjustment = ‘2 open. Hoid spray gun 8-14" from work. Spray-
ing at the lower pressure (25-30 psi} indicaled will lessen over-
spray and effect better coverage. Use 2 horsepower or farger
Compressor.

Airless and Electrostatic: Test airless and electrostatic
equipment for compatability with LO/MIT before using. Re-
mote paint supply pots should be equipped with an air driven
agitator to keep coating thoroughiy mixed during application.

Portable Touch Up Sprayer: The SULEC Model PS-1 portable
sprayer is a low cost. disposable. seif-contained spray device for
the application of LOMIT- or any low VISCOSAY 3Nt where power
is unavailable. Surface o be coated should not axceed 50 square
feet. Ask for butletin PSS

Brush and Roller: LGAIT may also be apptied using a
solvent resistant paintbrush or roiler. However. coverage may
be substantially reduced.

Note: Good ventilation is necessary for aperator safety and
drying and curing of the applied coating.

CLEAN UP

Clean application equipment with Solsoiv 301 or xylene. Use
Iscpropyl Alcchol for operator clean up and removal from
clothing.

DRYING AND CURE

Coating will skin dry within one minute after application. Drying
to touch will generally occur within 15 minuies o one nour
depending on ambient temperature and humidity. Curing can
be accelerated by application of heat up to 500°F {260°C) for
4 10 30 minutes. Experimentation will determine the best curing
procedures for your particular environment.

STORAGE

Keep at room temperature in tightly sealed container. Keep out
of direct sunlight 1o avoid pressure ncrease in corlainer. Fuil
Containers will remain usabie for 1 yvear from date of manutac-
ture

CAUTION

Contains flammatle solvents. Do niot expose 1o elavated heal
or open flames. Use with adequate ventilaton arg avoid ex-
cessive breathing of vapor or spray mist. Avod contact wih
eyes. OSHA regulations, Seclions 1915 Z4—Painting,
1915.25—Flammabie Liquids ang 1815.82—Respiratory Protec-
tiors give additionat helpiul safety suggestions, '

FIRST AID

Remove from skin using 1IsOpropyi alcohal and warm S0apy
water In case of contact with eyes. flush with cle water for
al ieast 15 minutes and gel medicai allentior, |f swaiiowed. get
mimediale medical altenton P hesdache, cirr S O nausea
result rom arcesswve inhalaton of vapors. remove (o fresh arr
and adrmumster oxvgen i necessary

'ION. BOX 3065, PRINCETON, NJ 08543-3065, U.S.A.
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PACKAGING

Steel contair wrs. Quarts, galions, 5 galion tight head pails. Wesghts
including co tainers: Quart {95 Hersy=2.5Ibs. (1.13kilos), Gallons
{3.79 liters) = B.2 Ibs. (4.24 kilog), 5 gallons {1B.93 liters) = 42.5 {hs,
(21.66 kilos).

ORDERING AND PRICING INFORMATION

Contact factory at 609-883-7700 for hame of your iocal distributor,
pricing and avallability. F.O.B. Ewing, N.J. Shipping and packaging
extra, Available for export.

Terms: Net 30 days for D&B rated firms.,

U.S. GOVERNMENT PURCHASERS:

LO/MIT-1is available through GSA: Contract #TFTC-88-CK-NIS-0O1
effective 7/1/89-Section Heading: 80 Brushes, Paint, Sealers &
Adhesives. GSA, Proc, Div. (9FTP10-C-Mj GSA Center, Auburn,
WA 98001.

TECHNICAL SERVICES DEPARTMENT

Contact factory at 609-883-7700, 9-5 pr, EST

or fax 609-497.0182, 24 hours a day.

ACCESSORIES & ADDITIONAL PRODUCTS

PS5-.1, Portable Touch Up Sprayer, a low cost, self-contained, disposable
apphcation device.

SOLKOTE HISORB-II, spray applied selective coating.
SOLKLEAN 101, Production metal cleaner.,

SOLKLEAN 201, Water based aluminum conversion coating.
SOLSOLY 301, Low cost replacement solvent for Xylene,
ISOPROPYL ALCOMOL, For clean-up of LO/MIT- coatings.

IMPORTANT NOTICE TO PURCHASER
This bulietin is an introductory summary of LO/MIT- Radiant Barrier
Coating. The information provided is based upon typical instaliation
conditions and tests we believe to be retiable. However, dueto a wide
variety of possible use conditions, SOLEC does not guarantee that
typicai values expressed wil} necessarily be obtained. The following
is made in lieu of warranties, expressed ar implied, incloding mer-
chantability.

Selier’s only obligation shall be 1o replace such quantity of t,
product proved lo be defective. Selter shalinot be liable for any injury,
loss or damage, direct or consequential, arising out of the use of or
inability to use the product. Before using, user shall determine the
suitability of the product for their intended use, and user assumes all
fisk and fability whatsoever in connection therewith,

No statement or recommendation shall have any force or effect
unfess in an agreement signed by officers of seller and user,
RESEARCH FACILITIES
The Solar Energy Corporation maintains a complete laboratory for
the analysis ofoplicalcoatings. Quriow cost services forthe analysis
of optical surfaces are used by many large manufaciurers. Please
contact us for prices.

LO/MIT NOTES

The Solar Energy Corporation publishes bufletins called LO/MIT NOTES
on the ajplicaton and useage of LOAMNT-I The following butleting are
available, free, to interested parties:
Title Subject

EL/RCOGT Case Study/Energy Conservation
RB/RCC LOMIT-IQuestions & Answers

Application
Hoof Coating
Interior Radiant Barrier

OPTICAL PROPERTIES OF SELECTED SUBSTRATES

Emissivity
Before LO/MIT

Substrate Applied
brick (red clay} 8z
cement block 93
glass (soda lime) .BE
galvanized stest {broaht) .03
galvanized stee! (dull paint lock} 57
paper (kraft) B0
plasterboard 90
phywood 72
poly carbonate {clear) .84
poiypropylene (opague) .80
steel, coid rolled, primed .87
steel, cold rolled, unprimed .10
steei, 376 stainless .19

Aircraft

LO/MIT-1 15 extremely lightwe.ght (less than .05 oz /#7). It may be effec-
tively used as a heat shield on many aircraft componenrts including
wiring harnesses cowhngs, fire walls and electronic components. i1 is
also an excellent coating for balloon fabrics,

Automotive

LO/MIT- may be used &3 a iow cost, lightweight heat shie'd on many
autemeiive components including wiring harnesses, batery boxes. ex-
haust systems. air conditioning ducts. fire walls, intake mar:folds, fuel
pumps. rubber hoses, shock absorber boots, fioor pans, electronic and
plastic components.

Building and Construction

LO/MIT-11s & low cost substtute for metatic or metallized piastc foils.
Wherever these Droducts are used for energy CONSErvalon in new of
retrofit constructor spray ation of LO/MIT-1 will gererally prove
to be as effective at nalt tre o3t In many instances, where it may be
impracth:cal 1o stapie or tace refiectve rachant barrers, LO/MIT-| may
be easiy spray appihed

Daylighting

Since LOMIT-I exhibits a ngn diffuse reflectivity on many Buitding
materials. 1t may be ellectvely used 16 enhance daylighting ang lower
dHlummation cosfs

Energy Conservation

The use of LO/MIT-1 on cesing ang wall surfaces can resyit «n substantiat
heating and cooling energy sav.rgs. {See Rachant Barriers. Building and
Consiruction. Meta: Budthngs @ Aiso, in factory buildings angd ware-
fouses. the apphcaton of LO MIT. o interior cering surfaces may raise
winfer rag:ant temperaluies and insrease cening reflecty 1y, thereby
lowesng Bot heatng ang hgntfg cos!s.

Metal Buiidings

LOMIT: wner agphed 1o e extenor of metal butdings has peen
showr 10 lesser Lulding e - lemparatures 1in excess of 30 F (16 C
n 85 F L35 Cramtent ervesmments This can lead 10 surstlantial de-
Creases m heatng and air Co~dBONIRG COsIs.

Ovens. Protess Piping, Power Generation Equipment
LO/MIT-i when apphed 16 1ne exteror surfacas of poders ovens or high

LO/MIT-t Application ideas

Emissivity Ditfuse Reflectivity  Diffuse Reflectivity
After LO/MIT Before LO/MIT After LO/MIT
Applied Apptied Applied
.38 36%y 71%
37 32 66
.22 Eic 85
25 T 84
2 5 82
.24 SE 81
21 55 85
22 48 81
22 8.6 84
23 8.1 84
.25 2 83
.23 7 84
23 59 84

tempearature process piping car ettectively biock thermal radiation and
may fead 1o substartal efficiency increases

Piastics

Whenever plastics are subjected 1o elevated temperatures. surface ap-
plication of LO/MIT-I may lessen degradatior gue fo adverse thermal
environments. In many cases, iower cost and iower weight piastics may
be used when they are costed with LO/AMIT.S

Hediant Barriers

Recent tests by the Fioriga Sofar Energy Center (FSEC) indicate that
the role of radiant hea! transter particuiarly i ror sunny chmates. may
be much more imporiant tnar recently recogrized In these chmates,
heat gain prevention 1$ ofter more critcal 1o (ne energy performance
of a building than stopp ng Resl 1oss Applicaiar of LOMIT 1o the
undersides of roofs and cavsy wall surlaces crez‘es ar extramaly effer.
Tive radiant barrier tha! may leads 1o suhstanha energy Savings at iower
instaiied per square f001 20518 1an glumnuer o or metaihzed plastic
filmsg

Retiectors

LOMIT-1 exhibis axcangn:
may be used as 2 10w ¢
paneis and many other appt
Roof Coating

LOMIT- will Jowes roo! sin temineratures 20-40F. 4 15 unaHected by UV
radiation and highly feflectve 1o mirared. it will creatly extend roof e and
may e brushed, rofled or spray applied (¢ bitumen, PVC, EPDM. asphalt,
tar and gravel, foam. shingie Ble stesl and mos! other rogfing surfaces. i
15 hydrophobic gnd tends 1o he e Clearung Fieid testing i Scuthern chmatas
has shown energy savings from 15% 16 in excess of 30% when LOMIT- s

atuse refiectvity on many substrates. it
ive surface «» Lghting faxtures, control
1005 where refipclivily ¢ needed

used as a reflactive roo! coatee
Selective Surfaces

T ownen goated with LO
oagrocatng the LORIT
wotive COALng. &
5 oY 42-50 ang
Tan nstatied cost of 17
35 CAT Dhe acheven !
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Spray-applied
radiant barriers

A new generation of energy-saving radiant
barriers can be sprayed on the underside of
the roof deck or on the roof surface

By William T. Guiney

eeping a building cool through
the use of a reflective insulation
or a radiant barrier system
under the roof has been shown to be
an effective method for reducing in-
terior temperatures and for lowering air
conditioning loads. Now this same tech-
nology can be employed on rooftops
using recently developed spray-applied
radiant barriers.

Radiant barriers, when applied 1o the
inside of an attic or interior walls of a
building, work by blocking the heat
radiating into the building from the hot
roof and sidewalls.

Williom T. Guiney is president of Stare Energy
Consultants Inc., a siate of Florida-certified
solar conrractor that provides consulting
services 1o residential and commercial building
owners.

34 RSi—-March 1992

The heat pained from the exterior

surfaces exposed to solar radiation is
transferred to the interior building com-
ponents, such as floors and insulation,
by infrared radiation. Most interior
building components, such as wood,
drywall and insulation systems are good
absorbers of this infrared radiation.
- The result of using radiant barriers
for blocking infrared radiation is cooler
interior spaces and insulation systems
that can perform more effectively.

Typically, laminated aluminum foils
or aluminized plastic films have been
the most prevalent radiant barrier
products available. Now, a unique spray:
applied low emissivity paint, LO/MIT-1,
is available and is proving to be almost
as effective on interior surfaces as tradi-
tional radiant barriers. It can also be
used on exterior surfaces, where it is
almost impossible to use foil or plastic
products,

Application techniques

Interior foil radiant barriers can be
installed directly on the underside of the
roof deck, draped over the top of the
trusses before the deck is put in place,
or stapled to the underside of the top
truss chord,

The spray-applied radiant barriers are 7
sprayed directly on the underside of the
roof deck, lowering the ability of the